INTRODUCTION
produce potentially deleterious effects with progressive left ventricular dysfunction [23] . The association between increased plasma levels of IL-6 and TNF-α and left ventricular diastolic dysfunction was found in patients with stable coronary artery disease [24] . Several studies in endurance athletes have shown that strenuous prolonged exercise in the form of the ultra-marathon may result in reversible depressed left ventricular contractile function, minimal decreases in global left ventricular systolic function, transient alterations in diastolic function on echocardiography and a transient reduction in right ventricular function during the recovery period [25, 26] . Left ventricular systolic dysfunction usually was associated with increases in plasma levels of cardiac troponins and creatine phosphokinase [26, 27] . The plasma cardiac troponin T (cTnT) rise correlated significantly with a fall in left ventricular ejection fraction immediately after prolonged strenuous exercise. Healthy runners have been reported to show increased plasma cTnT in proportion to the reduction in global left ventricular function [28] . The purpose of this study was to investigate the effect of ultra-endurance exercise on left ventricular performance and to examine the relationships between the exercise-induced changes in plasma cytokine concentrations and those in echocardiographic indices of left ventricular function in ultra-marathon runners.
MATERIALS AND METHODS
Subjects and Procedure. Nine healthy trained male ultra-marathon runners (age 25 to 38 years), with experience in at least one longdistance competition, volunteered as subjects for this study. The information about the study was available on the website of the event (7 Valleys Run -a 100-km mountain ultra-marathon). Runners interested in participating in the study contacted us by e-mail. All were normotensive, non-smokers and not taking any medications. A comprehensive clinical evaluation was performed in all subjects by a physician, with testing including electrocardiography, echocardiography and haematological screening. All the subjects gave their informed consent to participate in the study. The investigation conformed with the principles outlined in the Declaration of Helsinki and was approved by the Local Ethics Committee. General characteristics of the subjects are presented in Table 1 . The race started at 4:00 am, and runners had to reach the finish line within 17 hours. The highest point of the route was at 1262 m and the total altitude gain was 4500 m. The outdoor temperature ranged between 12°C and 24°C.
Humidity was 55% to 60%. The runners were allowed to choose their own speed and had free access to fluids and carbohydrate-rich food available in support tents at the refreshment points. The research station was set up near the end of the race route.
Measurements
One week before the run body mass and height were measured, and subjects completed a questionnaire with information on health status and history of sports practice. Then, the subjects were submitted to an incremental, graded exercise test performed on a treadmill (Sen-sorMedics T2000, USA) until volitional exhaustion to determine their maximal oxygen uptake (VO 2 max). The treadmill speed was increased by 2 km · h -1 every 3 min starting with 6 km · h -1 . Oxygen uptake, carbon dioxide production and heart rate were continuously recorded using a Vmax 29 (SensorMedics, USA) analyser.
Echocardiographic examination
A complete echocardiographic study was performed in all subjects prior to, immediately after the ultra-marathon and after 90 min of the recovery period, at the same place where the event was held. The left ventricular mass (LVM) was calculated using the Devereux formula [30] . Left ventricular end-diastolic (LVEDV) and end-systolic (LVESV) volumes and ejection fraction (EF) were determined by biplane Simpson's method, as recommended by the American Society of Echocardiography [30] . Mean values for end-diastolic 
RESULTS
The pre-race parameters of both subjects' characteristics ( Table 1) and measured variables (Tables 2-4) were normally distributed.
Subject characteristics
The characteristics of subjects are summarized in Table 1 . This group of ultramarathoners was highly experienced, having trained for long distance races for an average of five years.
Interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-18 (IL-18), tumour necrosis factor alpha (TNF-α) and haematocrit
The ultra-endurance exercise caused significant increases in plasma IL-6, IL-10, IL-18 and TNF-α (p<0.01) in all subjects. At 90 min of the recovery period, plasma concentrations of IL-6 and IL-10 were still higher (p<0.05) than before exercise, whereas plasma TNF-α did not differ significantly from the resting pre-exercise values ( Table 2 ).
The exercise-evoked increases in plasma TNF-α concentration cor- 
Heart rate and blood pressure
The resting values of heart rate (HR) and systolic (SBP) and diastolic (DBP) arterial blood pressures were within normal limits. The Note: * -significant differences from the pre-race resting values: P < 0.05. † † -significant differences from the immediately post-race values: P < 0.01. ultra-endurance exercise caused significant increases in HR (p<0.001) in all subjects. After 90 min of the recovery period HR was still significantly higher (p<0.05) and DBP significantly lower (p<0.05) than before exercise (Table 3) .
Echocardiography
The echocardiographic parameters are reported in Table 4 . The resting echocardiographic parameters were within normal limits. Note: LVEDd -left ventricular (LV) end-diastolic diameter, LVESd -LV end-systolic diameter, FS -endocardial fractional shortening, LVEDV -LV end-diastolic volume, LVESV -LV end-systolic volume, LVEF -LV ejection fraction, E -early LV filling peak velocity, A -late LV peak filling velocity, E/A -ratio of early to late LV filling velocities, DT -deceleration time of early filling, IVRT -isovolumic relaxation time, AcT -acceleration time, S' septal -systolic septal mitral annulus peak velocity, S' lat. -systolic lateral mitral annulus peak velocity, S' -mean systolic mitral annulus velocity, E'septal -early diastolic septal mitral annulus peak velocity, A'septal -late diastolic septal mitral annulus peak velocity, E' lat. -early diastolic lateral mitral annulus peak velocity, A'lat. -late diastolic lateral mitral annulus peak velocity, E' -mean early diastolic mitral annular peak velocity, E/E' -ratio of early diastolic mitral inflow to early diastolic mitral annular velocity, E'septal/A'septal -ratio of early to late diastolic septal mitral annulus velocity, E'lat/ A'lat -ratio of early to late diastolic lateral mitral annulus velocity. MAPSE -mitral annular plane systolic excursion. * -significant differences from the resting values: P < 0.05. † -significant differences from the immediately post-race values: P < 0.05. 
DISCUSSION
The main finding of the present study is that the ultra-endurance exercise increased plasma levels of all measured cytokines and decreased the ratio of early to late diastolic mitral inflow peak velocities (E/A), without any changes in the ratio of early diastolic mitral inflow peak velocity to early diastolic mitral annulus peak velocity (E/E').
Additionally, at the 90th minute of the recovery period LVEDd and FS were significantly lower than before exercise, and the ratio of early to late diastolic mitral annulus peak velocities at the lateral side (E'lat./A'lat.) was reduced as a result of an increase in A' velocity. No significant changes in left ventricular ejection fraction and fractional shortening data were noted immediately after exercise.The changes in both immune function and left ventricular relaxation observed in this study confirm the results of previous investigations in prolonged intense exertion such as the marathon or ultra-marathon [3, 11, 13, 14, 27, 31, 32, 33, 34] . Most authors believe that increased release of pro-inflammatory cytokines during strenuous exercise is associated with a number of interrelated factors such as muscle damage, glycogen deficiency, oxidative stress, releaseof endotoxins or an increase in plasma cortisol and catecholamines [11, 13, 35, 36, 37] .
Nieman et al. [10] , who studied athletes competing in a 160-km race event, reported significant positive correlations between the exercise-induced increases in plasma cytokines (IL-6, IL-10, IL-1ra, G-CSF, MCP-1, MIP-1β), perceptions of muscle soreness and plasma creatine phosphokinase, a marker of muscle damage. The strongest relationships were seen with IL-6 and G-CSF. Additionally, modest positive correlations were found between cytokines (IL-6, IL-8, IL-10) and F(2)-isoprostane, an indicator of oxidative stress, at 90 km of the 160-km race event when the greatest oxidative stress occurred [15] . The mechanisms explaining the inflammatory response to muscle damage are still poorly understood. It is believed that ultrastructural damage to skeletal muscle is associated with neutrophil infiltration and muscle IL-1 beta accumulation [7, 8] . It was found that IL-1 beta indirectly promotes chemotaxis of neutrophils by inducing production of IL-8 [38] . The positive relationship between muscle IL-1 beta and creatine kinase may indicate an indirect influence of IL-1 on neutrophil degranulation and superoxide release that subsequently affects muscle membrane permeability [7] . Since the exercise-induced percent rise in neutrophil count was correlated positively with cortisol, growth hormone, IL-6 and IL-8 kinetics, it was suggested that both stress hormones and cytokines may be important for inducing neutrophilia [9] . It was also demonstrated that IL-1 beta and TNF-alpha may act synergistically to induce myofibrillar proteolysis [39] . Some cytokines, such as L-6, can be released regardless of muscle damage. Several studies have shown that IL-6 is tightly They believe that the decrease in E/A ratio after prolonged exercise may simply correlate with preload reduction [27] . On the other hand, the decrease in E'/A' ratio may indicate that there is also an intrinsic impairment in myocardial relaxation. In the present study, immediately after the ultra-marathon, the E/A ratio was significantly decreased by 20% pre-race to post-race as a result of a 19% decrease in early mitral inflow peak velocity. At the 90th minute of the recovery period, the early left ventricular filling peak velocity was still lower than before running. The present study showed that in contrast to early mitral inflow peak velocity, early mitral annulus peak velocity in both the septal and lateral walls as well as the ratio of E/E' that is used as an estimate of left ventricular filling pressure did not change significantly immediately after the ultra-marathon running. However, at the 90th minute of the recovery period the E'lat./A'lat. ratio was lower than immediately after running because of an increase in A'lat. This is consistent with the findings of Neilan et al. [33] , who reported a greater decrease in E'/A' ratio at the lateral segment compared with the septal segment. Some authors suggest that differences in regional decrements in diastolic function may be explained by alterations in the interaction between the left ventricle and right ventricle during diastole [32, 43, 44] and that E' velocity is a relatively preload-independent variable in evaluating left ventricular diastolic function [45, 46] . It should be noted, however, that the lateral annular velocities can be affected by the translational movement of the heart and beam angle [45] . The changes in the E'lat./A'lat. ratio, observed in this study, were accompanied by decreases in diastolic blood pressure, left ventricular end-diastolic diameter and endocar-REFERENCES dial fractional shortening. There was no change in haematocrit levels similar to what was found in previous studies with ultra-marathon runners [47] .
CONCLUSIONS
In summary, the present study demonstrated that in well-trained 
